A rapid in situ hybridization (ISH) technique for the detection of porcine circovirus (PCV) nucleic acid in cell culture and formalin-fixed paraffin-embedded tissues was developed. A fluorescein-labeled RNA probe was transcribed from a plasmid containing 530 bp of the ORF1 of a PCV isolated from a pig with postweaning multisystemic wasting syndrome (PMWS). Hybridization using standard hybridization buffer was performed at 42 C for 16 hours and was compared to hybridization using rate enhancement hybridization (REH) buffer at 67 C for 2 hours. Hybridization was detected with an alkaline phosphatase-conjugated antifluorescein antibody. In both cultured cells and tissues from pigs with PMWS, the signal intensity and number of labeled cells in sections hybridized with REH buffer were equal to those of sections hybridized with standard hybridization buffer. The total time required for ISH using the REH buffer is 7-8 hours, thus making this protocol suitable for application in routine PCV diagnosis.
Abstract.
A rapid in situ hybridization (ISH) technique for the detection of porcine circovirus (PCV) nucleic acid in cell culture and formalin-fixed paraffin-embedded tissues was developed. A fluorescein-labeled RNA probe was transcribed from a plasmid containing 530 bp of the ORF1 of a PCV isolated from a pig with postweaning multisystemic wasting syndrome (PMWS). Hybridization using standard hybridization buffer was performed at 42 C for 16 hours and was compared to hybridization using rate enhancement hybridization (REH) buffer at 67 C for 2 hours. Hybridization was detected with an alkaline phosphatase-conjugated antifluorescein antibody. In both cultured cells and tissues from pigs with PMWS, the signal intensity and number of labeled cells in sections hybridized with REH buffer were equal to those of sections hybridized with standard hybridization buffer. The total time required for ISH using the REH buffer is 7-8 hours, thus making this protocol suitable for application in routine PCV diagnosis.
Porcine circovirus (PCV) is a small, nonenveloped virus with a monopartite circular single stranded DNA genome. 16 The PCV was first isolated in 1974 as a contaminant of the porcine kidney cell line PK-15. 16, 18 Antibodies to the PCV strain isolated from the PK15 cell line (PCV PK-15) are widespread in swine populations, 4, 15, 17 but this strain is not associated with either clinical illness or pathological changes in pigs. 1, 17 Antibodies to PCV PK-15 have been detected in humans, 14 but the significance of this finding is not known. Recently, a new strain of PCV has emerged that is associated with postweaning multisystemic wasting syndrome (PMWS) in pigs. 2, 5, 11 Postweaning multisystemic wasting syndrome is characterized clinically by emaciation, dyspnea, and lymph node enlargement and pathologically by lymphohistiocytic to granulomatous lymphadenitis, interstitial pneumonia, hepatitis, interstitial nephritis, and pancreatitis. 8, 11 Antibodies against PCV PK-15 react weakly with the new strain of PCV, 2 and the nucleic acid homology between these 2 strains is 68 7 to 76%. 10, 11 Type 2 PCV (PCV2) has been suggested as the name for this new strain. 10 The emergence of PMWS has made the rapid detection of PCV infection desirable.
Several in situ hybridization (ISH) techniques using whole genomic DNA 2,5 or RNA 11 probes have been developed for the detection of PCV2. These ISH protocols take about 2 days to perform. Recently, rate enhancement hybridization (REH) buffers have become commercially available. These buffers can decrease hybridization time for membrane-based procedures such as Southern, Northern, and dot blot hybridization. These buffers have also been used to reduce ISH time for the detection of an RNA virus. 12 This study was undertaken to develop an ISH technique using a commercially available REH buffer system a for the rapid, sensitive, and reproducible detection of PCV, a DNA virus, in both cell cultures and tissues from naturally infected pigs.
Type 2 PCV was propagated in PK-15 cell cultures. 11 A 25-cm 2 flask of semiconfluent PK-15 cells was inoculated with 1 ml of a mixture containing 0.9 ml of minimum essential medium (MEM) b and 0.1 ml of 10% infected tissue homogenate. The virus was allowed to adsorb for 1 hour at 37 C, and the media was replaced with MEM containing 10% heat-inactivated fetal bovine serum (FBS). b At 4 hours postinoculation, the PK-15 cells were treated with 300 mM glucosamine HCl c for 30 minute at 37 C, washed twice with Hanks balanced salt solution and incubated with MEM containing 10% FBS for 3-4 days at 37 C. The inoculated monolayers of PK-15 cells were detached with 0.2% trypsin, resuspended in media, and seeded onto 8-well chamber slides. d One-day-old uninfected PK-15 cells were treated with 300 mM glucosamine HCl, washed, and incubated with MEM containing 10% FBS as described above. One day after glucosamine treatment, cells on 8-well chamber slides were washed with PBS (pH 7.4), fixed with 4% formaldehyde at 4 C for 4 hours, and used for ISH.
Standard and rapid ISH were done as reported previously with slight modifications. 11, 12 The RNA probe was prepared from plasmid pPSP.PCV1 containing 530 bp of the ORF1 of PCV ISU-31 11 in a pGEM-T vector. e The plasmid pPSP.PCV1 was linearized with restriction enzyme Nco I f and was used as a template to make antisense RNA probe. The fluorescein-labeled RNA probe was transcribed using In situ hybrization of PK-15 cells with a fluoresceinlabeled RNA probe for porcine circovirus using, A, the standard hybridization buffer at 42 C for 16 hours or, B and C, the rate enhancement hybridization buffer at 67 C for 2 hours. The PK-15 cells inoculated with PCV were labeled in either cytoplasm, nucleus, or both cytoplasm and nucleus, A and B. Uninoculated PK-15 cells were negative, C. SP6 RNA polymerase g as described previously. 12 Cells on 8well chamber slides were treated with 5 g/ml of proteinase K h for 15 minutes at 37 C, treated with 20% cold acetic acid for 15 seconds, washed with PBS, and air dried. Before hybridization, cells on 8-well chamber slides were incubated with 200 l of either standard hybridization buffer (50% formamide, 10% dextran sulfate, 3ϫ standard saline citrate (SSC), 50 mM sodium phosphate, pH 7.1, 1ϫ Denhardt solution, 0.1 mg/ml yeast tRNA, and 10 mM DTT) or REH buffer a in a covered chamber i at 95 C for 10 minutes. The cells on 8-well chamber slides were then hybridized with 50 l of either standard hybridization buffer or REH buffer containing 2 l (2 ng/l) of fluorescein-labeled probe. Standard hybridization was performed at 42 C for 16 hours, and rapid hybridization was performed at 67 C for 2 hours. Cells were then treated with 20 g/ml RNase A j at 37 C for 30 minutes and washed in 2ϫ SSC for 5 minutes at 42 C, 1ϫ SSC for 5 minutes at 42 C, and 0.5ϫ SSC for 1 hour at 42 C. Cells were then incubated with blocking solution consisting of 0.5% (w/v) blocking agent a in Tris-buffered saline (TBS; 100 mM Tris-HCl, pH 7.5, 400 mM NaCl) at room temperature for 1 hour, washed with TBS for 1 minute, and incubated with antifluorescein antibody (1:300) k at room temperature for 1 hour. Slides were washed in TBS three times for 5 minutes each followed by a 5 minute wash in the detection buffer (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 50 mM MgCl 2 ). Slides were incubated with 45 l of 4-nitroblue tetrazolium chloride and 35 l of 5-bromo-4-chloro-3-indolylphosphate k in detection buffer at room temperature for 25 minutes and counterstained with nuclear fast red for 2 minute. Controls included unicoculated PK-15 cell cultures, RNase-and DNase-treated cells inoculated with infected tissue homogenate, and inoculated PK-15 cell cultures hybridized with hybridization buffer free of nucleic acid probe.
The PCV nucleic acid was detected in 20-30% of PK-15 cells hybridized with standard hybridization or REH buffers. Dark purple color was detected in either cytoplasm or nucleus or in some cases both the nucleus and cytoplasm (Fig.  1A, 1B ). The number of virus-positive cells and the intensity of hybridization signal on 8-well chamber slides hybridized with REH buffer were equal to those observed in slides hybridized with standard hybridization buffer. Uninoculated PK-15 cell cultures were negative (Fig. 1C) .
Once the technique was standardized using PK-15 cell cultures, tissues from naturally infected pigs were used to determine whether this technique could be used for the routine diagnosis of PCV infection. Tissues from 20 pigs submitted as separate diagnostic cases to the Veterinary Diagnostic Laboratory, College of Veterinary Medicine, Iowa State University, were used as naturally infected and noninfected pigs. Fifteen of the cases had a history and histologic lesions consistent with PMWS, and 5 had no history or histologic lesions consistent with PMWS. Lymph nodes, spleen, tonsil, liver, lung, heart, kidney, pancreas, and large and small intestines from naturally infected and noninfected pigs were fixed in 10% buffered formalin and embedded in paraffin. Sections of 5-m thickness were deparaffinized, rehydrated through graded ethanols, and washed in diethylpyrocarbonate (DEPC c )-treated water as described earlier. 13 The ISH was performed on tissue sections using standard Figure 2 . In situ hybrization of lymph nodes with a fluorescein-labeled RNA probe for porcine circovirus using, A and C, the standard hybridization buffer at 42 C for 16 hours or, B and D, the rate enhancement hybridization buffer at 67 C for 2 hours. Cells containing PCV genome were predominantly macrophages and small mononuclear cells consistent with lymphocytes, A and B. Lymph nodes from uninfected control pigs were negative, C and D.
hybridization and REH buffers as described above except that proteinase K was used at 50 g/ml instead of 5 g/ml.
All 15 pigs with PMWS were positive for PCV by both standard and rapid ISH. The PCV nucleic acid-positive cells had dark purple staining in the cytoplasm, nucleus, or both cytoplasm and nucleus. Positive cells were predominantly macrophages and small mononuclear cells consistent with lymphocytes in spleen, lymph nodes ( Fig. 2A, 2B) , tonsils, Peyer's patches, and submucosal lymphoid follicles in large intestines. Other PCV-positive cells were alveolar macrophages and fusiform cells around airways in the lungs, Kupffer cells and a few hepatocytes in the liver, enterocytes in the small and large intestines, endothelial cells in the heart, acinar and ductular epithelial cells in the pancreas, and interstitial cells in the cortex and a few tubular epithelial cells in the kidney. The signal intensity and the number of PCVpositive cells in sections hybridized with REH buffer were equal to those of sections hybridized with standard hybridization buffer ( Fig. 2A, 2B ). Lymph nodes from uninfected control pigs were negative (Fig. 2C, 2D ).
This study has described a rapid, sensitive, and reproducible ISH technique for the detection of PCV nucleic acid in cell culture and formalin-fixed paraffin-embedded tissues. Numbers and types of PCV-infected cells were as previously reported. 2, 11 Hybridization signals were detected in the cytoplasm, nucleus, or both nucleus and cytoplasm of the in-fected cells 11 because the antisense RNA probe is believed to detect single-stranded and double-stranded replicative intermediate viral DNA in the nucleus as well as mRNA of the ORF1 in the cytoplasm of PCV-infected cells. The riboprobe used in these studies was derived from the ORF1 of ISU-31, a PCV2 strain that has 83% homology to PCV1 (PK-15 strain). 11 Thus, this probe would be expected to detect both type 1 and type 2 PCV strains. Hybridization with REH buffer decreased hybridization time from 16 to 2 hours without compromising the intensity or the quality of the hybridization signal. Moreover, the higher temperature used in the rapid ISH protocol did not impact the morphology of the cells. Standard ISH procedures require incubation of tissue sections with the probe for 16 hours. 3, 6, 9, 19 The entire protocol can be performed within 1½ days using the standard hybridization buffer as reported earlier. 11 In contrast, ISH using the REH buffer is performed within 7-8 hours, which makes this protocol a good candidate for application in routine PCV diagnosis. The rapid ISH technique described here will also be useful in studying the pathogenesis of PCV infection and in screening pigs that may be used in xenotransplantation programs.
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